Abstract
Introduction
Aromatic compounds represent a large fraction of the emitted hydrocarbons contributing with up to 52% to 20 the total non-methane hydrocarbon mass at an industrial dominated site in China (Liu et al., 2008) . One of these aromatic compounds is 1,3,5-trimethylbenzene (TMB), which was measured in the gas phase in concentrations ranging from 0.7 to 40.6 µg m -3 (Gee and Sollars, 1998; Khoder, 2007) . The gas-phase 23 oxidation of 1,3,5-TMB leads to low-volatile oxidation products, which partition into the particle phase and 24 form secondary organic aerosol (SOA). Oxidation products of 1,3,5-TMB were investigated in a number of literature studies (e. g. Huang et al., 2015; Baltensperger et al., 2005; Kalberer et al., 2004; Kalberer et al., 26 2006; Paulsen et al., 2005; Healy et al., 2008; Cocker et al., 2001; Smith et al., 1999; Metzger et al., 2008;  27 Wyche et al., 2009; Yu et al., 1997) . Methylglyoxal was found as one of the most important oxidation product 28 (Metzger et al., 2008; Healy et al., 2008; Cocker et al., 2001; Smith et al., 1999; Wyche et al., 2009;  29 Baltensperger et al., 2005; Rickard et al., 2010; Kalberer et al., 2004; Yu et al., 1997; Kleindienst et al., 1999;  dark conditions the ozonolysis of tetramethylethylene (TME) was used as OH-radical source (Berndt and of gas-phase organic compounds onto the filter.
116

Sample preparation
117
For method development, PTFE filter samples from aerosol chamber experiments were used. The following 118 method parameters were investigated: heating time, pH during the heating process, and heating temperature 119 (Table 3) . Filter samples from the same experiments were used for the optimisation of the respective method 120 parameters.
122
Filter extraction
123
Two halves of the PTFE filters were cut into small pieces. Each filter half was extracted separately with 1 mL 124 H2O for 30 minutes using an orbital shaker (700 rpm, revolutions per minutes). They were shaken again 125 separately with 1 mL H2O for 30 minutes and flushed at the end of the procedure with 1 mL H2O resulting in 126 two 3 mL extracts. Noticeably, the extraction efficiency was not investigated in the present study, thus it is not 127 known. Water was used as extracting reagent, because organic solvents like methanol and acetonitrile have 128 lower boiling points than water, thus lower heating temperatures can be applied for the decomposition of the For quantification of heat-decomposable methylglyoxal oligomers the extract was acidified and heated to decompose the oligomeric bonds. The pH was adjusted with hydrochloric acid (37%) or sodium hydroxide derivatisation of the formed monomeric methylglyoxal, 300 µL of o- (2,3,4,5,6-pentafluorobenzyl) hydroxylamine hydrochloride (PFBHA, 5 mg mL -1 ) was added to the sample solution after 142 2 minutes of the heating process. Different heating times were tested varying between 15 hours and 48 hours.
143
After the derivatisation was complete, the extracts were allowed to cool down to room temperature.
145
Extract 2 -Methylglyoxal monomer
146
The second half of the filters was used to quantify monomeric methylglyoxal. The filters were prepared 147 according to the method described by Rodigast et al. (2015) . 
172
(E) and (Z) isomers of methylglyoxal were formed during PFBHA derivatisation resulting in two peaks in the underestimation of methylglyoxal due to variations of the isomer peak ratio during the heating process.
Influence of heating time
The influence of the heating time was examined with PTFE filters which were sampled after OH-radical oxidation of 1,3,5-TMB at RH = 75% in the presence of NH4HSO4 seed particles (experiment #3). To investigate the effect of the heating time on the decomposition of the heat-decomposable oligomeric Additionally, a 6.25 µmol L -1 standard solution of methylglyoxal was acidified and heated for different times
185
to exclude an effect of the heating process on the derivatisation. The results are illustrated in Fig. 1a .
186
The highest methylglyoxal concentration can be found after a heating time of 24 hours. The methylglyoxal 
194
One filter extract was heated for 15 hours and allowed to stand at room temperature for 9 hours
195
(sample a) to reach a total derivatisation time of 24 hours (as it was optimised for PFBHA derivatisation by was heated for 15 hours and measured directly after the heating process (sample b). As it can be seen in 
202
To probe this hypothesis a 6.25 µmol L -1 methylglyoxal standard was heated for 15 hours and 
223
The pH during the heating process was investigated as well..
225
Influence of pH
226
The effect of the pH was examined with PTFE filters, which were sampled after OH-radical oxidation of 1,3,5-
227
TMB at RH = 50% in the presence of NH4HSO4 particles (experiment #2). The pH was varied between pH = 228 1 and pH = 7.
229
As it can be seen in Fig ). An increasing pH leads to a lower 232 methylglyoxal concentration, which can be observed for filter samples ( 
239
Influence of heating temperature
240
The effect of the heating temperature was examined with filter samples of experiment #2. The heating 241 temperature was varied between 50°C and 100°C and the filter extracts were heated for 24 hours at pH = 1. A 242 temperature above 100°C cannot be used to avoid evaporation of water and/or target compounds. 
250
Based on these results, the PTFE filter extracts from the aerosol chamber experiments were acidified 251 to pH = 1 and heated for 24 hours to 100°C to decompose heat-decomposable oligomeric compounds into 252 methylglyoxal. According to the literature studies other carbonyl compounds can be expected as particle-phase 3,5-dimethylbenzaldehyde (Huang et al., 2014) . Noticeably, no carbonyl compounds other than methylglyoxal 256 were identified, which showed an increase after thermal decomposition.
257
The developed quantification method was afterwards applied to laboratory-generated SOA formed during further oxidation experiments of 1,3,5-TMB to investigate the influence of seed particle acidity and 
273
For a further investigation of SOA-formation processes of 1,3,5-TMB, Fig. 4a illustrates the 274 dependency between the consumption of 1,3,5-TMB (∆HC) and the produced organic particle mass (∆M).
275
Particle growth started directly after the experiment was initialised indicating that the oxidation leads
276
immediately to the formation of condensable products as first-generation oxidation products. These products
277
condense on the pre-existing seed particles resulting in the immediate particle growth observed in Fig. 4a .
278
Differences of the growth curves in dependence on the seed particles (NH4HSO4 and (NH4)2SO4/H2SO4) were 279 not observed concluding that the seed particle acidity (Table 5 ) has no influence on the SOA formation of 280 1,3,5-TMB. Cao and Jang (2007) found also only a small influence of seed particle acidity on SOA formation.
281
Fig. 4a showed great differences in the growth curves under variation of RH. The RH value can have 282 an influence on the phase state of the particles while the phase state has an effect on the partitioning of the 283 compounds into the particles and the particle-phase reactions (Ziemann, 2010; Saukko et al., 2012) . In the 284 present study the particles are a mixture of inorganic and partitioned organic compounds, thus the phase state
285
is not known but it might be possible that the phase state influences M and the SOA yields. ∆M is the highest 286 at RH = 0% (∆M = 18.1 -19.7 µg m -3 ) whereas ∆M is the lowest under humid conditions (RH = 50% and 75%, ∆M = 11.3 -11.7 µg m -3 and 13.9 -14.2 µg m -3 ). Due to the variation of RH in the aerosol chamber the 288 liquid water content (LWC) of the particles is changing (Table 5 ). The LWC was calculated using model II
289
from the extended aerosol thermodynamic model (E-AIM; Clegg et al., 1998) . With increasing RH the LWC 290 of the seed particle increases as well. The LWC of the seed particles influences i) the partitioning of the 291 compounds from the gas phase into the particle phase and ii) the formation and/or further reaction in the particle An effect can also be seen in Fig. 4b 
302
This is also supported by Saxena and Hildemann (1996) , which found an enhanced partitioning of organic 303 compounds with several hydroxyl groups at higher LWCs of the particles. This might lead to the conclusion 304 that the OH-radical oxidation of 1,3,5-TMB results in the formation of hydrophobic compounds which showed 305 an enhanced partitioning under dry conditions. Additionally, it can be speculated that the formation of 306 oligomeric compounds can be enhanced at lower RH values resulting in higher YSOA due to the increasing 307 conversion of the monomeric building blocks and their enhanced partitioning into the particle phase. 
315
The fraction of methylglyoxal in the particle phase in dependency on the reaction conditions is shown
316
in Fig. 5a , with resulting fractions between ≈ 0.6% and ≈ 2.2%. With increasing RH the fraction decreases for 
324
The dependency of particulate methylglyoxal on RH could be a result of the influence of RH on the 325 partitioning from the gas-into the particle phase or on further reactions in the particle phase forming oligomers.
326
The formation of oligomeric compounds from methylglyoxal has been investigated in a number of studies
327
(e. g. De Haan et al., 2009; Kalberer et al., 2004; Loeffler et al., 2006; Zhao et al., 2006; Sareen et al., 2010;  328 Altieri et al., 2008) .
Heat-decomposable methylglyoxal oligomers
331
A method was developed to determine the contribution of heat-decomposable methylglyoxal oligomers to the 
342
and (NH4)2SO4/H2SO4 seed particles could be different oligomer formation mechanism caused by different 343 seed particle acidity. The type of accretion reaction might change with pH . In Table 5 344 the pH of the seed particles was calculated with E-AIM. NH4HSO4 particles have pH = 0.1 and 1.2 at It was postulated by Yasmeen et al. (2010) that a lower pH (pH < 3.5) favor acetal/hemiacetal 348 formation whereas at high pH (pH = 4 -5) aldol condensation are more relevant. This has been supported by Thus, in the presence of strong acidic NH4HSO4 seed particles acetal/hemiacetal formation might be 351 the favored oligomer formation mechanism. Oligomerisation via acetal/hemiacetal formation occurs under a 352 reversible water loss . As higher RH values in the aerosol chamber LEAK leads to higher
353
LWCs of the seed particles (Table 5 ) the chemical equilibrium of the reaction shifts towards the precursor
354
compound resulting in a lower methylglyoxal oligomer fraction (Kalberer et al., 2004; Liggio et al., 2005) . In 355 addition, the pH of NH4HSO4 particles decreases with decreasing RH (Table 5 ) thus acid-catalysed
356
acetal/hemiacetal formation might be enhanced under dry conditions due to a lower pH (Liggio et al., 2005) .
357
In the presence of (NH4)2SO4/H2SO4 seed particles the oligomer fraction increases with increasing 358 RH (Fig. 5b) . As it was mentioned, aldol condensation can be assumed as the favored accretion reaction under 359 these conditions . Aldol condensation includes as a first step aldol addition followed by 360 a loss of water. The loss of water is irreversible, thus the aldol condensation will not be inhibited with higher
361
LWC of the seed particles.
362
Other accretion reactions can contribute to the formation of heat-decomposable methylglyoxal 
368
Imidazole formation was also postulated as possible oligomer-formation mechanism for 369 methylglyoxal (Sedehi et al., 2013; De Haan et al., 2011) . It was found that imidazole formation is of minor (Schaefer et al., 2015; Lim et al., 2013; Rincon et al., 2009; Lim et al., 2010; Sun et al., 2010) . Radical-radical obviously, the reaction of alkyl radicals with oxygen tends to suppress this pathway. Nevertheless, it can be 379 expected, that with higher LWCs of the seed particles and thus with a higher reaction volume, the absolute 380 amount of methylglyoxal in the particle phase might increase, but not its particle-phase concentrations. For 381 aerosol particle systems, ionic strength effects (Herrmann et al., 2015) are able to influence the uptake of 382 methylglyoxal into the particle phase as well. Waxman et al. (2015) observed a salting-out effect for 383 methylglyoxal for all investigated seed particles at higher ionic strengths.
384
Low pH combined with high solute concentrations as calculated for the present aerosol particles, can 385 trigger isomerisation (or switching) reactions as discussed by Herrmann et al. (2015) . Overall, a clear 386 discussion on how radical-radical reaction might be affected by increasing LWC (through increasing RH) and
387
by pH is difficult at the current level of knowledge.
388
In summary, the present study provides a reliable quantification method for heat-decomposable Overall, the present method provides an important step revealing the amount of oligomers present in the 410 particle phase, their tentative formation mechanism and their importance for aqSOA formation. 
